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A high speed Semiconductor Memory designed to increase the apparent or effective speed of Core Memory. 
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The FABRI-TEK Model 4511 Mernory Buffer System FABRI-TEK can also supply the fastest Add-On Core 
has been designed to provide Digital Equipment Cor- Memory System for the PDP 11 Series Computer, so no 
poration POP 11 /45 users the opportunity of achieving matter what memory performance you desire, why not 
twice their present computer performance for a fraction check with “The Leader in Memory Technology”. 


of the original overall system price. 


FUINTBUS is a trademark of Digital Equipment Corp: ation. 
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| : 
j PRINCIPLES OF OPERATION INTERFACE (Plug Compatible) | j 
| - 
The Buffer System utilizes a write through algorithm. On all The Buffer, which consists of three (3) P.C. Assemblies, is f : 
i CPU DAT! Operations (Read from Memory) the address and designed to plug directly into the Fastbus (Semiconductor | 4 
: its corresponding data is mapped into the Buffer from the Memory Area) of the POP 11/45 Computer. Installing the i! 

ae Unibus. On all successive CPU Fetches (Reads) to this address Model 4511 Buffer into this Semiconductor Memory Area : 4 

} the data will be in the Buffer and available to the Fastbus of restricts the maximum slowable Bipolar or MOS Memory | : 


the PDP 11/45. All CPU DATO operations (Write into Mem- 


ory) take plece on the Unibus for any address selected in Core 


| to either 4K or 16K words respectively. Installing the 
i : 
4 


Buffer also requires that Unibus A & B are tied together. 


ie comne 


Memory and the Buffer will updéte itself simultaneously with 
Core if the selected address is in the Buffer. In this way the 
Data in the Buffer ts identical to that of Core at the same 
address at all times. 


POWER REQUIREMENTS 


DC - +5.0VDC Power Supply is provided with the Model 
4511 Buffer and installs in location K of the lower H742 
Power Supply. This supply is designed to operate from 
aSVACESVAC @ 3.0A and measures 2.75" x 5.25" x 8.40". 
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BUFFER ELECTRICAL CHARACTERISTICS BUFFER MECHANICAL CONFIGURATION 
Storage Media The Buffer is contained on three (3) Printed Circuit Assemblies 
Semiconductor - Bipolar designed to plug directly into ppp 11/45 slot locations No. 21 


designated NM8110-MEM, No. 22 designated MOS/BIP and No. 


Word Canacity 
24 designated MOS/BIP. 
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: 512 Words : 
Word Length ASSY.NAME CPU LOCATION _ASSY DIMENSION, 
1G.Di Buffer - Matrix Controller No. 21 15.70" x 8.40" x 0.50" ie 
i Cycle Time Buffer - Memory Matrix No. 22 15.70” x 8.40" x 0.50" ; i 
{ Compatible with the 300 NS CPU Cycle Time Buffer - Aux. Mat. Controller No. 24 5.20" x 8.40" x 0.50" My 
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Reicks Cache Analysis: a Magery Pie 3 7 
le. “Fi Sritek model 4511 add-in cache provides 11/45 pee konnanee ee is Sperone 

“ag: il to..a MOS 11/45. When used without memory management ic generally. provid: 
frfo: sance that lies between MOS and Bipolar. When used with memory managerent,: 
pre rides: performance that. is about equal to non-memory-managed MOS and iS LO. 
ig. s..wer than the Bipolar 11/45. In certain programs (see FFT 45 Benchmark: Pic- 
‘am Pasults) it provides performance that is only slightly better than CORE. . cn: 
ster s with a lot of UNIBUS I/O activity, wither MOS or Bipolar will. out~perfoxa 
iQ: osche, because the CPU will not have to wait for UNIBUS Cah aap as At. Jiwas 
fe énever there is a cache "miss. . ; . a cate ih 
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e ‘Fabritek ‘Cache is a very simple 512 word direct mapping nRenG chat . fits’ inte’ s| 
chine that was not designed for a cache in the first place. The 11/70 cache wie 
ls. 32-bit memory and dual 512 word mapping scheme was carefully optimised to give 
lximum processor performance. If a customer feels a:cache would help him, he. as: 

L obvious 11/70 candidate. ; te ee are 





pritek Cache Pricing: « Se . ee ot : ag SE 
11,8C3 when bundled with 8K of Fabritek core. It is believed they will sell the 
che un-bundled, but no prices are known. an oe . eee 


inchmarks Wave been won Garon 11/45 with the Fabretek cache. The results of some 








: them are: . a . J 7 ee ee 

ie ‘Execution Time in Seconds: 

e on CPU Memory Type: 3 a 

% -- "|... Program Name Bipolar Fabritek MOS® CORE ie 

re : Cache or, i te 

[3 aie °. 0 BRT 45 4.3 5.9 4.7 6.0 ! 

fs GAUSS Pe De 2.68 267° a1 
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MU Ss. “HANOT 22.0 28.02 41.0 ° 71.0 
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R1-BT MOS. It is slightly faster because it uses newer technology chips. LG. & 
nsists of a control card similar to our own MS11-BC and up to four matrix boards 
th 4K of parity memory per board (like our MS11-BT), that plug into the solid. BE 
mory slots in the 11/45 backplane. They also provide a 5%" rack mounted power’. 
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SECTION | 
GENERAL INFORMATION AND SPECIFICATIONS 


SCOPE 


This manual applies to the FABRI-TEK Model 4511 Cache Memory Buffer. 


| GENERAL INFORMATION AND SPECIFICATIONS 
I INSTALLATION AND TEST ADJUSTMENTS 
tI PRINCIPLES QF OPERATION 


GENERAL SYSTEM DESCRIPTION 


The Model 4511 is a high speed, 512 x 16 Memory Buffer which installs in the PDP 11/45 computer 
system. Figure 1-1 illustrates the 4511 system. The purpose of the FT! Memory Buffer is to com- 
bine the best advantages of core and semi-conductor memories: 


© Non-volitility of core memory. 

o Low cost of core memory. 

© High speed of MOS memory throughout the entire address range of 0-124K as opposed 
to the 32K maximum address block of MOS memory. 


The FT! Memory Buffer combines these advantages by utilizing the eneribe structure of the DEC 
PDP 11/45 processor in an optimum way to reduce CPU processing time. When desired, up to 16 k 
of MOS or 4 k of bipolar memory can be installed concurrently with the Buffer on the Fastbus*. 

In this case the Model 4511 still buffers only the core memory and has no effect on the semicon- 
ductor memory. 


PHYSICAL DESCRIPTION 
The 4511 Memory Buffer consists of the following major assemblies: 


—Buffer Matrix Controller module (BMC). 

—Auxiliary Buffer Matrix Controller module (ABMC). _ 
—Buffer Memory Matrix module (BMM). 

—FTI Model 1744 +5-V d-c Power Regulator module. 


The printed circuit modules plug into the semiconductor memory and Unibus A and B slots in the 
PDP 11/45 chassis. Normally, only minor changes are necessary to the computer. The +5-V d-c 


“Registered Trademark of Digital Equipment Corporation. 
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Power Regulator module installs in location K of the lower '“H742" Power Supply. Refer to Sec- - 
tion |! for physical locations and installation instructions. 


Figures 1-2 through 1-5 are photographs of the printed circuit modules and the Power Regulator 
module. These photographs illustrate significant assembly features. 
SPECIFICATIONS AND INTERFACE SCHEMATIC 


Table 1-1 summarizes the general 4511 Memory Buffer specifications. Figure 1-6 illustrates the 
CPU-to-Memory Buffer interface characteristics. 


Table 1-1.-SPECIFICATIONS 


DATA CAPACITY 


Address 512 Addresses 
Word Length 16 Bits 
PRINTED CIRCUIT DIMENSIONS (inches) H x D 
Buffer Matrix Controller 15.70 x 8.40 
Buffer Memory Matrix 15.70 x 8.40 
Auxiliary Buffer Matrix Controller 5.20 x 8.40 
Power Regulator 5.10 x 6.50 
COOLING Forced Air 
ENVIRONMENT PARAMETERS 
Operating 0°C to +70°C 
Non-Operating -55°C to +100°C 
Humidity (No Condensation) 95% 
INTERFACE LOGIC VOLTAGES 
Logic One In +2.4V to +5.5V 
Logic One Out +2.4V to +5.5V 
Logic Zero In -0.5V to +0.8V 
Logic Zero Out -0.5V to +0.8V 


DC POWER REQUIREMENTS 
+5 V de at 10 Amps Maximum 


—. 





Figure 1-2 
BUFFER MATRIX CONTROLLER MODULE 





Figure 1-3 
BUFFER MEMORY MATRIX MODULE 





Figure 1-4 
AUXILIARY BUFFER MATRIX CONTROLLER MODULE 





Figure 1-5 
MODEL 1744 POWER REGULATOR MODULE 
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PDP 11/45 PROCESSOR FTI 4511 MEMORY BUFFER 


UNIBUS CONTROL, "BUFFER MATRIX CONTROLLER AND 
ADDRESS, AND AUXILIARY BUFFER MATRIX 
DATA LINES +5 Volts CONTROLLER 


8836 





FASTBUS DATA LINE, BMC MEMORY 


FO MOMS LINE, BMC MEM SYNC (8) LINE 
Open Collector 
74504 
| -{ 74803 
($22) 
MULTIPLEXER 
FASTBUS ADDRESS 
74840 }o Se 
¢ 748157 


FASTBUS CONTROL SIGNALS 


74840 }O >_>) 


C3404 
LATCH 


Figure 1-6 


CONTROL, ADDRESS, AND DATA INTERFACE SCHEMATIC 
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SECTION II 
INSTALLATION AND TEST ADJUSTMENTS 


INTRODUCTION 


The DEC PDP 11/45 and the FTI Mode! 4511 Memory Buffer are integrated by installing the FTI 
Power Regulator and Memory Buffer modules into the DEC computer. This section contains the 
installation procedures and test adjustments necessary to install the Memory Buffer into any PDP 
11/45. It is important to read and understand the information in this section prior to installation 
because the memory configuration and power regulator complement at each computer site can 

vary with customer needs. If there is any doubt about the original status of the PDP 11/45, contact 
DEC Field Service personnel prior to installing the Memory Buffer. The illustrations and instruc- 
tions in this section provide information for all installation steps which include: 


© Initial Inspection 

© Preparation for Installation 

© Power Regulator Installation 

© Memory Buffer Module Installation 

© Final Adjustment and Test Procedures 


INITIAL INSPECTION 


Initial inspection includes unpacking, inventory, and inspection of all essential assemblies of the 
Memory Buffer. After removing the packing material, inventory all items with the list below. In- 
spect for shipping damage. Report all discrepancies to the Computer Systems Division of FABRI-TEK 
INCORPORATED. Before preparing for the installation of the Memory Buffer, verify that all of 

the following items are available: 


Buffer Matrix Controller (BMC) module — FTI Part No. 190-1665-00. 

Buffer Memory Matrix (BMM) module — FTI Part No. 190-1666-00. 

Auxiliary Buffer Matrix Controller (ABMC) module — FTI Part No. 190-1767-00. 
Buffer Cable Assembly — FTI Part No. 262-0317-00. 

ETI Model 1744 Power Regulator — FT! Part No. 261-0124-00. 


oe NS 


PREPARATION FOR INSTALLATION 


Preparation for installation consists of identifying the existing DEC semiconductor memory configu- 
ration, selecting the correct FT! Memory Buffer configuration, and preparing the CPU with the aid 
of a preparation flowchart. Computer preparation is necessary before the actual installation of the 
Model 4511 Memory Buffer because: 


—each PDP 11/45 computer contains one of several semiconductor memory configurations and 
accompanying power regulator arrangements. 


—the Memory Buffer requires the use of CPU slots 21 through 27 (slots 23 through 25 are left empty). 
—The +5-volt power sources for CPU slots 21 through 25 must be installed properly. 


The extent of CPU preparation depends on the type of installation and can include memory module 
reconfiguration, power cabling modification, and power regulator installation; in some installations 
only one of these preparation steps is necessary. 


| WARNING 
Z 


eee 








To prevent accidental shocks, power down the 
Model 11/45, de-energize any external d-c vol- 

tage inputs to the Model 11/45, and disconnect 

the main power cable from the line source BEFORE 
performing the following modification and in- 
stallation procedures. 


EXISTING DEC SEMICONDUCTOR MEMORY CONFIGURATIONS 
All PDP 11/45 computers have Fastbus slots 16 through 25 populated in one of the configurations 


listed in Table 2-1. Verify the DEC memory configuration before selecting the Memory Buffer 
configuration. 


Table 2-1.-POSSIBLE PDP 11/45 SEMICONDUCTOR MEMORY CONFIGURATIONS 


CONFIG. NO. MEMORY TYPE SLOTS 16-20 SLOTS 21-25 TOTAL 
1 None Empty Empty >, SaaS 
2 MOS 4k-16k 4k-16 k 32 k Max. 
MOS 4k-16k 
3 20 k Max. 
BIP 1k-4k 
4 BIP 1k-4k 1k-4k 8 k Max. 


FTI MEMORY BUFFER CONFIGURATIONS 


Installation of the FT! 4511 Memory Buffer results in the combination of DEC semiconductor 
memory and the Memory Buffer into one of the configurations listed in Table 2-2. 
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CONFIG. NO. 


Table 2-2.-POSSIBLE DEC SEMICONDUCTOR MEMORY AND 


FTI MEMORY BUFFER CONFIGURATIONS 


MEMORY TYPE SLOTS 16-20 SLOTS 21-27 TOTAL 
None Empty BUFFER ##—----- 
Mos 4k-16k BUFFER 16 k Max. 
BIP 1k-4k BUFFER 4 k Max. 


CPU PREPARATION FLOWCHART 


The CPU. preparation procedure is illustrated by the CPU Preparation Flowchart, Figure 2-1. Use 
the flowchart by referencing the following explanation of the flowchart procedure steps to prepare 
the CPU for installation of the Memory Buffer. 


Step No. 1 — 


Step No. 2 — 


Step No. 3 - 


Step No. 4 — 


Step No. 5 — 


Is any Fastbus semiconductor memory present (in CPU slots 16 through 25)? 
NO — Branch to (CG). 
YES — Proceed to Step No. 2. 


Are CPU slots 21 through 25 empty? 

NO — Remove the modules from these slots and reconfigure MOS or BIP memory 
into slots 16 through 20 per Table 2-2. Reference the DEC PDP 11/45 Main- 
tenance Manual! for detailed MOS and BIP reconfiguration instructions. 

YES — Proceed to Step No. 3. 


Is +5 volts present at CPU slots 21 through 23? 

NO — This implies that either the jumper between J5 pins 3 and 4 is disconnected, 
or that a fault exists at the power source. Proceed to Step No. 4. 

YES — Branch to 


Is the jumper between J5 pins 3 and 4 disconnected? 
NO — Consult DEC Field Service. 
YES — Proceed to Step No. 5. 


Isa DEC H744 +5-V Regulator installed in slot K of the lower H742 Power Supply? 
NO — Branch to ©. 
YES — Consult DEC Field Service. 


POWER REGULATOR INSTALLATION 


Installation of the FTI Model 1744 Power Regulator includes mounting the power regulator in the 
DEC H742 Power Supply chassis, CPU backplane power modification, and an initial power regulator 
adjustment check. Figure 2-2 illustrates the location of the 1744 Power Regulator when it is installed. 
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Figure 2-2 
FTI MODEL 1744 POWER REGULATOR LOCATION 
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-15V 
SYSTEM UNITS 


-15V TO 
SYSTEM UNIT 
NO. 3 


J25 


BULK SUPPLY A 
REGULATORS 


A, 8, C, 0, E 
SWITCHED 


+15V TO REGS E,F 


+15V TO SLOT 
13 CONSOLE 


+8V TO SLOT 
1 FOR MAINT 
MODULES 


50/60 Hz SIG 


0 TO +5V 
TO SLOT 1 FOR 
CLOCK MODULE 





BULK SUPPLY B 
REGULATORS 
F,H,J, K, b 
NOT SWITCHED 





“Regulator in location H will be either a 
+5V or MOS Voltage Regulator. 


POWER REGULATOR INSTALLATION PROCEDURE 


Use the following installation procedure to mount the 1744 Power Regulator in the DEC H742 
Power Supply chassis: 


1. Remove the screw which mounts the P28 connector to the H742 Power Supply chassis. 


2. Slide the FT! Model 1744 Power Regulator into slot K of the lower H742 Power Supply chassis. 


In this slot, the female connector on the 1744 Power Regulator is identified as J28. 


3. Install the two screws which fasten the 1744 Power Regulator to the H742 Power Supply. 


4. Connect P28 to J28 at the 1744 Power Regulator. 


CPU BACKPLANE POWER MODIFICATION 


Installation of a power regulator in the lower H742 Power Supply makes it necessary to modify 
the CPU backplane power cabling as follows: reference Figure 2-3 and locate the jumper wire be- 
tween J5 pins 3 and 4, remove one end of the jumper wire, wrap the disconnected end with insulat- 
ing tape, as as an alternate approach either cut the jumper wire or remove it entirely. 


INITIAL POWER REGULATOR ADJUSTMENT CHECK 


The Initial Power Regulator Adjustment Check is necessary only when an FTI or DEC Power Regu- 
lator is connected at slot K of the lower H742 Power Supply. Prior to installing the Memory Buffer 
modules, perform the procedure below to adjust the Power Regulator output voltage. Each regulator 
in the lower H742 Power Supply has a voltage adjustment potentiometer on the front of the Power 
Regulator case. Final voltage adjustments will be made with all the Memory Buffer modules inserted 
during the final adjustment and test procedures in this section. 


1. If the jumper wire between J5 pins 3 and 4 is installed, remove all printed circuit modules from 
CPU slots 16 through 25. If the jumper wire is disconnected, remove all printed circuit modules 
from CPU slots 21 through 25. 


2. Connect a VOM between CPU location A21A2 and A21C2 (ground). Figure 2-3 illustrates. 
the location of these test points, 
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3. Toggle the Power Supply circuit breakers to ON. 


4. Check for a voltage reading of +5.2 V dc. Rotating the voltage adjustment potentiometer in 
a clockwise direction at the appropriate power regulator increases the output voltage. 


5. Toggle the Power Supply circuit breakers to OFF. 


6.  Re-install the printed circuit modules into their correct CPU slots. 


EXISTING MEMORY VERIFICATION TEST 


Perform the DEC 0-124 k Memory Exerciser Diagnostic Test prior to installing the Memory Buffer 
modules. This test will verify the operation of the existing MOS, bipolar, and core memory. Ifa 
fault occurs, locate and correct any malfunctions until memory operation is error-free. 


MEMORY BUFFER MODULE INSTALLATION 


Figures 2-4 and 2-5 illustrate the location of the Memory Buffer modules in the CPU. Slide each 
module into its correct location and lock the module into the back panel connectors by pressing 
the locking levers at the edge of each module. Install the modules as follows: 


-- Slide the Buffer Matrix Controller module into CPU slot 21. 
NOTE 


The Buffer Matrix Controller module is jum- 
per-programmed at the factory to buffer a 
0-124 k address range. It is not necessary to 
alter this setting. Option: if desired, the 
maximum address range may be changed at 
this time by referencing Table 2-3, Figure 
2-6, and the final adjustment and test pro- 
cedures in this section. Do not set the jum- 
pers to include the I/O address space (125 k - 
128 k). 


— Slide the Buffer Memory Matrix module into CPU slot 22. 


— Slide the Auxiliary Buffer Matrix Controller module into CPU slots 26 and 27. This module re- 
places the DEC M9200 module. 


— Connect the Buffer Cable Assembly, FTI Part No. 262-0317-00, between the Auxiliary Buffer 
Matrix Controller module and the female connector J1 at the Buffer Matrix Controller module. 
This completes the installation of the Memory Buffer modules. 
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SLOT 21: BUFFER MATRIX ° SLOTS 26 & 27: 
CONTROLLER AUXILIARY BUFFER 
MODULE MATRIX CONTROLLER 


MODULE 


SLOT 22: BUFFER MEMORY 
MATRIX 
MODULE 


Figure 2-5 


MEMORY BUFFER MODULE INSTALLATION (MUL STRIP TOP VIEW) — 





Table 2-3.-MAXIMUM ADDRESS JUMPER CONFIGURATIONS 






































































DECIMAL | OCTAL JUMPER POSITION | DECIMAL | OCTAL JUMPER POSITION DECIMAL | OCTAL jumPER position | DECIMAL | OCTAL JUMPER POSITION 
ADDRESS | ADDRESS ADDRESS | ADDRESS ADDRESS | ADDRESS ADDRESS | ADDRESS 
words | BYTES WORDS | BYTES words | BYTES WORDS | BYTES 
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Note 1: In Decimal Word Address, K = 102449 A“J" in the Jumper Position column indicates the presence of a jumper, which is 
Note 2: In Octal Byte Address, K = 1000g equivalent to a logic Zero. Any jumper configuration defines the first address to be 


excluded from the Buffer. For example: to set ina maximum eddress of 124 K19 


Note 3: Do not set jumpers to include 1/O Address space. - : 
me a install jumpers in the slots for bits 11 and 12 only. 
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FINAL ADJUSTMENT AND TEST PROCEDURES 


Final adjustment includes defining the maximum address capability of the Buffer, measuring the 
Power Regulator output voltages with the Memory Buffer installed, and setting the Buffer card 
edge switches to the correct position. A Manual Operation Test and diagnostic testing confirm 
error-free operation. 


MAXIMUM ADDRESS JUMPER SELECTION 


The configuration of the jumpers on the Buffer Matrix Controller module determines the maximum 
address space that the Buffer will map into itself. Reference Table 2-3 to determine the proper 
jumper configuration for the desired address space. Figure 2-6 illustrates the physical location of 
the Maximum Address Jumpers. 


The factory setting defines the maximum address space that the Buffer will buffer to be 0-124 k 
words, which will allow proper operation with any PDP 11/45 memory. Note that this means that 
the 1/O address space 125 k-128 k words is not buffered. These jumpers should not be set higher 
than 124 k, but could for some special reason, be set to a lower address space. The address space 
always Starts at O, with the portion being occupied by DEC semiconductor memory automatically 
excluded from buffering. 


LJ LJ 


| | | 
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LOCATION T5 OF BUFFER MATRIX CONTROLLER MODULE 


NOTE: The location of the shaded jumpers illustrated above, 
for bits 11 and 12, is the factory setting for 0-124 k. 
This setting is suitable for any size main memory up 
to 124 k, and normally will not need changing. 


Figure 2-6 
MAXIMUM ADDRESS JUMPERS 
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FINAL POWER SUPPLY OUTPUT ADJUSTMENT 


With all Memory Buffer modules installed in their correct locations, adjust the output voltage of 
the +5-V d-c Power Regulator in slot K of the lower H742 Power Supply to +5.0 + 0.1 volts while 
measuring at the backpanel. Because of the memory reconfiguration, checking the output voltage 
of the +5-V regulators for CPU slots 16 through 20 is recommended. Readjust, if necessary, to 
+5.0 + 0.1 volt. 


CARD EDGE SWITCH SETTINGS 


The Buffer Matrix Controller Module contains three card-edge test switches. Figure 2-7 illustrates 
the position of the switches and describes their functions. !n normal operation, all switch handles 
must be in the UP position. 


Initialization switch H1S1 is a momentary contact 

switch used only for troubleshooting. Toggling ; H1S1 
the switch to the INIT position initializes the Mem- 

ory Buffer. OINIT 


Line switch J1S1 is a two-position toggle switch. 

Toggling the switch to the ON position places the O ON 

Memory Buffer in the On-Line condition and dis- 

ables the Copy switch 1S1. Toggling the switch J1S1 
to the OFF position places the Memory Buffer 

in the Off-Line condition, prevents the Memory QOFF 

Buffer from responding on the Fastbus, and en- 

ables the Copy switch K1S1. 


Copy switch K1S1 is a two-position toggle switch 


used only for troubleshooting. This switch is en- © ON 

abled only when the Line switch J1S1 is in the 

OFF position. Toggling the Copy switch to the KIS1 
ON position allows the Memory Buffer to update QOFF 


itself. Toggling the Copy switch to the OFF posi- 
tion prevents updating of the Memory Buffer. 


Figure 2-7 
CARD-EDGE SWITCHES 
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MANUAL OPERATION TEST 

The Manual Operation Test verifies the operation of the Memory Buffer, without the use of a scope 

or program, prior to diagnostic testing. When the Memory Buffer is completely installed in the 

PDP 11/45, perform the Manual Operation Test by using the Buffer Matrix Controller card-edge 

switches illustrated in Figure 2-7 and the CPU front panel switches and indicators as follows: 

1. Halt the CPU. 

2. Toggle H1S1 to INIT. 

3. Toggle J1S1 to ON. 

4. Toggle K1S1 to OFF. 

5. Select an address. 

6. Load all zeros into the selected address. 

7. Examine the contents of the selected address. The contents should be all zeros. The Memory 
Buffer now contains the same address and data. The CPU front panel is displaying the data 


from the Unibus (core memory). 


8. Press the Examine switch again. The contents of the selected address should be all zeros again. 
The CPU front panel is displaying the data from the Fastbus (Memory Buffer). 


9. Toggle J1S1 and K1S1 to OFF. 
10. Load all ones into the same selected address. 
11. Examine the contents of the selected address. The CPU front panel should display all ones. 
12. Toggle JiS1 to ON. 


13. Press the Examine switch again. The CPU front panel should display all zeros to indicate cor- 
rect Memory Buffer operation. 


NOTE 


Whenever the data in the Memory Buffer 
differs from the data in the same address in 
core memory, it is necessary to Initialize the 
‘Memory Buffer before restarting the CPU 
with the Memory Buffer On-line. This opera- 
tion prevents the use of invalid data. 
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DIAGNOSTIC TESTS 


The diagnostic tests are the final steps necessary to verify correct operation of the Memory Buffer 
in the PDP 11/45. Perform the DEC 0-124 k Memory Exerciser Diagnostic. In case of a fault, recheck 
the installation instructions in this section. 
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SECTION III 
PRINCIPLES OF OPERATION 


INTRODUCTION 


This section describes the operating theory and basic functions of the FT! Model 451 1 Memory 
Buffer. The text describes the integration of the Memory Buffer into the PDP 11/45, Memory Buf- 
fer functions, principles and types of Buffer operation, and interface signal requirements. A system 
block diagram illustrates the integration of the 4511 Memory Buffer with the Fastbus/Unibus struc- 
ture of the PDP 11/45. A Memory Buffer block diagram illustrates the interrelationship of each 

of the major sections of the Memory Buffer. Additional tables and illustrations support the des- 
cription of Buffer operations and the discussion of Interface, Internal and Control circuits. 


INTEGRATION OF THE MEMORY BUFFER INTO THE PDP 11/45 


Installation of the Memory Buffer modules unites the FT! 4511 with the Fastbus/Unibus structure 
of the PDP 11/45. The Memory Buffer is a two-port device consisting of a Fastbus port and a Uni- 
bus port. Figure 3-1 illustrates the integration of the FTI 4511 with the PDP 11/45. Note by the 
direction of the arrows that the Memory Buffer Unibus port is unidirectional since it is capable 

of only receiving the Unibus address, data, and control signals. The Memory Buffer Fastbus port 
only receives the address signals from the Memory Management Unit, only transmits the data sig- 
nals to the semiconductor memory and CPU, but transmits and receives the control signals between 
the semiconductor memory and CPU. 


MEMORY BUFFER FUNCTIONS 


Figure 3-2 illustrates the signal flow and organization of the Model 4511 Memory Buffer. It con- 
sists of the following major sections: 


© Control Logic 

© Valid Bit Register 

© Directory (Register) 

© Buffer Memory Matrix (Register) 
e Match Circuit 

© Initialization Circuit 


CONTROL LOGIC 
The Control Logic section provides interfacing for: 


— Receiving and transmitting Unibus and Fastbus Control signals. 
— Generating Internal Timing signals. 
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Figure 3-2 
FT! MODEL 4511 MEMORY BUFFER BLOCK DIAGRAM 


ce 


—~ Generating External Control signals. 
— Write Control. 

— Maximum Address. 

~ DMA Cycles. 


VALID BIT REGISTER 


The Valid Bit Register isa 512 x 1 register containing a flag bit for each address in the Directory. 
The purpose of this register is for initialization; so that on start-up, e.g., when power is first applied 
and the contents of the Directory are random values, a coincidental address match will not cause 

a Buffer response to a CPU request. On start-up, the Initialization circuitry causes all the addresses 
in the Directory to be flagged as Invalid. When a word is loaded into the Buffer Memory Matrix, 
and the upper half (address bits <17:10>) of the address is loaded into the Directory, the corres- 
ponding one-bit word in the Valid Bit Register is set high (Valid). Bus address bits 1 through 9 are 
decoded to specify one of 512 locations in this register. 


DIRECTORY 


The Directory is a 512 x 8 matrix of Bipolar Random Access Memories (RAMs) organized as a — 
Content Address Memory (CAM). The Directory is decoded by address bits 1 through 9. The num- 
ber of bits per Directory word (eight) plus the number of bits required to address any word in the 
Directory (nine) equals the number of bits required (17) to address any of the 131,072 (128 k) 
words in the PDP 11/45 address space. The eighteenth bit, 20, is used for byte control. This ad- 
dressing format allows the Memory Buffer to use a Direct Mapping Scheme to buffer any address 
within the 128 k word address space of the PDP 11/45. The address space of the PDP 11/45 may 
be less than 128 k if the setting of the maximum address jumpers defines a lower address range 

for the maximum address comparator in the Control Logic section. Refer to Table 2-3 and Figure 
2-6. 


BUFFER MEMORY MATRIX 


The Buffer Memory Matrix is a 512 x 16 matrix of high-speed bipolar RAMs which store a word 
of data. These data, by using a Write-Through Algorithm, are always a current copy of the data 
stored in the corresponding addresses in core memory. 


MATCH CIRCUIT 
The Match circuit uses eight exclusive/NOR gates to compare the contents of the Directory with 
the corresponding incoming address bits <17:10>. This process is conditioned by the correspond- 


ing Valid Bit Register flag to determine if valid data for the specified address are in the Buffer Mem- 
ory Matrix. 
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INITIALIZATION CIRCUIT 


The Initialization Circuit consists of four one-shot generators connected together as an oscillator 
and three counters connected together as a 9-bit address generator. The oscillator circuit generates 
a pulse train which cycles through all 512 addresses in the Valid Bit Register to write a zero into 
each address. Writing zeros into each address of the Valid Bit Register invalidates the contents of 
the entire Buffer Memory Matrix and Directory. This process occurs upon the removal (switching 
to a high logic level) of either the BUSA INIT L signal or the PWRS MEM DC L signal. 


PRINCIPLES OF BUFFER OPERATION 


The 4511 Memory Buffer is a communication link between the CPU and memory. The Memory 
Buffer increases the effective speed of the PDP 11/45 core memory by using a Direct Mapping 
Scheme during Read operations and a Write-Through Algorithm during Write operations. 


DIRECT MAPPING SCHEME 


The Direct Mapping Scheme is explained with the aid of Figure 3-3. In this figure the term “address 
space’ is defined as the set of all word addresses that can be specified by a given number of address 
bits. For example, the set of all word addresses in the PDP 11/45 is 131,072, is referred to as the 
address space of the PDP 11/45, and is represented by the sectioned column at the left in Figure 
3-3. Any address in this set can be specified by address bits <17:01>. Similarly, the Buffer ad- 
dress space shown at the right side of Figure 3-3, designed with an address space of 512, is speci- 
fied by address bits <09:01>. 


{t is useful to mentally subdivide the PDP 11/45 address space into 256 blocks of memory called 
Block Numbers. Each of the 256 Block Numbers corresponds to a subset of 512 Block Addresses. 
The Block Numbers are addressed by address bits <17:10>. The contents of each Block Address 
are specified by address bits <09:01>. 


The Direct Mapping Scheme basically involves a many-to-one correspondence concept. This means 
that words with the same Block Address but with different Block Numbers will directly map from 
the PDP 11/45 address space into the corresponding address in the Buffer address space. In other 
words, old addresses and corresponding data with a given Block Address are simply replaced by a 
new address and corresponding data having the same Block Address. 


WRITE-THROUGH ALGORITHM 
The Write-Through Algorithm is implemented by performing all Write operations immediately in 
core memory and, if the address is in the Buffer, simultaneously updating the corresponding data 


in the Buffer. Use of the Write-Through Algorithm provides a definite advantage since data are 
always safe in non-volatile core memory if a-c line power fails. 
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Figure 3-3 
DIRECT MAPPING SCHEME 


TYPES OF OPERATION 


The Memory Buffer has two basic types of operation: DATI-Read, and DATO-Write. Control inter- 
face signals on the Fastbus and Unibus determine the selection of the type of operation. Refer to 
Figures 3-4 and 3-5 in the following discussions. 


DAT! OPERATION 

The Buffer uses the Direct Mapping Algorithm illustrated in Figure 3-4 during DATI operations. 
During each DATI operation, the CPU logic determines if the specific address on the Fastbus ad- 
dress lines is in the Buffer and waits for approximately 150 nanoseconds before responding with 
the next instruction. This response indicates whether the desired data are in or out of the Buffer. 
The probability that an address being fetched will be in the Buffer is called the Hit Ratio. 


The Memory Buffer Direct Mapping Algorithm illustrated in Figure 3-4 causes the following sequence 
of logical events to occur when the desired data are in the Buffer. 


— The Buffer searches the Directory for the specific address. 
— The Buffer determines that the data at the specific address are in the Buffer and are valid. 


— The Buffer responds to the CPU before 150 nanoseconds with a BMC MEM L signal on the Fast- 
bus to inhibit the CPU from performing the DATI cycle on the Unibus. 


— The CPU responds with a UBCA CONTROL OK H signal, confirming that the UBCC MEM BUS 
CO L and UBCC MEM BUS C1 L control signals are valid. The CPU is now ready to receive the 
data from the Buffer. 


— The Buffer sends the CPU ABMC MEM SYNC (8B) L signal, indicating that the data from the 
Buffer are ready. This signal is the Fastbus version of BUSA SSYNC1 L. 


— The CPU drops the UBCA CONTROL OK H signal, indicating that the CPU has the data and has 
finished its cycle. 


— The Buffer drops the BMC MEM SYNC (B) L signal and terminates the Fastbus cycle. 

The following sequence of logical events occurs when the desired data are out of the Buffer. 

— The Buffer searches the Directory for the specific address. 

— The Buffer determines that the data at the specific address are not in the Buffer or are not valid. 


— The CPU decides after 150 nanoséconds that it must fetch the desired data from core memory on 
the Unibus. | 
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— The core memory receives a BUSA MSYNC L signal. 


— The core memory reads back the desired data and transmits a BUSA SSYNC L signal to indicate 
that the signals on the data lines are steady. 


— The CPU and the Buffer receive the data. 
— The CPU drops the BUSA MSYNC L signal. 
— The core memory drops its BUSA SSYNC L signal, terminating the cycle. 


When the CPU receives the data, the Buffer senses the negative-going edge of the BUSA SSYNC L 
signal and writes the Unibus data into the Buffer Memory Matrix. When the Buffer senses the posi- 
tive-going edge of the BUSA MSYNC L signal, it terminates the Write Command signal to the Buffer 
Memory Matrix. Note that on the first time through a new program loop, the CPU encounters the 
Out of Buffer condition at each successive address and is forced to go out to the Unibus for each 
word of the loop. Repeating this loop a number of times allows the CPU to receive its data much 
faster than the first time, resulting in a significant performance improvement. 


DATO OPERATION 


The Buffer uses the Write-Through Algorithm illustrated in Figure 3-5 during DATO operations. 
During each DATO or DATOB operation, the Buffer does not respond with a BMC MEM L signal, 
thus forcing the CPU to “‘write-through” the Buffer by going out to core memory on the Unibus. 
This happens regardless of whether or not the specific address is in the Buffer. When the memory 
address is contained in the Buffer, the Buffer copies the data from the Unibus when it is written 
into core memory. 


INTERFACE SIGNALS AND REQUIREMENTS 


The Memory Buffer System interfaces externally with the Fastbus and Unibus and internally between 
Buffer modules. The interface lines transfer address, data, and control signals between the CPU and 
the Memory Buffer. 


UNIBUS INTERFACE SIGNALS 


Ail Unibus interface lines are unidirectional from the Unibus to the Buffer only. The Buffer receives 
Unibus address, data, and control signals. 


BUSB A <17:00>L. The logic levels of the BUSB Address AOO through A17 L signals represent 
the Unibus address information. These signals enter the Buffer Matrix Controller on 18 interface 
lines. 
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BUSB MSYNC L. A low level Bus Master SYNChronization L signal initiates a Unibus data transfer 
by the selected slave device. This signal enters the Buffer Matrix Controller on a single interface 
line. 


BUSB CO L and BUSB C1 L. The BUSB Control Zero L and BUSB Control One L signals determine 
the type of Unibus memory operation. These signals enter the Buffer Matrix Controller on two 
interface lines. Table 3-1 illustrates the four logic level combinations which select one of four Uni- 
bus memory operations. 


Table 3-1.-UNIBUS MEMORY OPERATION SELECT 


co C1 MEMORY OPERATION 
HIGH HIGH -  DATI 
LOW HIGH DATIP 
HIGH LOW DATO 
LOW LOW DATOB 


BUSB SSYNC L. A low level BUSB Slave SYNChronization L signal from the Unibus slave device 
either indicates that valid data are available during a DAT! operation or acknowledges acceptance 
of Unibus data for a DATO operation. This signal enters the Buffer Matrix Controller ona single 

interface line. 


BUSB D <15:00> L. The logic levels of the BUSB Data DOO through D15 signals represent the 
Unibus data information. These signals enter the Buffer Matrix Controller on 16 interface lines.’ 


BUSB INIT L. A low level BUSB INITialize L signal initializes the Buffer while under program 
control, during a power down condition, or when the CPU Start switch is pressed. This signal enters 
the Buffer Matrix Controller on a single interface line. 


BUSB DCLO L. A !ow level BUSB DCLOw L signal protects data in memory when the d-c voltages 
drop below nominal values. This signal enters the Buffer Matrix Controller ona single interface 
line. 


BUSA SACK L. A low level BUSA Selection ACKnowledge L signal from an interrupting device 
indicates that the device has received either a Bus Grant or Non-Processor Grant signal. The next 
Unibus cycle will be an Interrupt cycle. The BUSA SACK L signal enters the Auxiliary Buffer Matrix 
Controller on a single interface line. 


BUSA BBSY L. A low level BUSA Bus BuSY L signal from the Bus Master device prevents other 


devices from gaining access to the Unibus by indicating that the Unibus is busy. This signal enters 
the Auxiliary Buffer Matrix Controller on a single interface line. 
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FASTBUS INTERFACE SIGNALS 


The Fastbus Interface lines are unidirectional; the Buffer receives all Fastbus address signals, trans- 
mits Fastbus data out signals, but transmits and receives Fastbus control signals. All Fastbus inter- 
face signals enter or leave the Buffer at the Buffer Matrix Controller. 


BMC MEM D<15:00> H. The logic levels of the BMC MEMory Data DOO through D15 signals 
represent the Fastbus Data Out information. These signals transfer from the Buffer to the Fastbus 
on 16 interface lines. 


SAPJ PA <17:06> H and DAPB BAMX<05:00> H. The logic levels of the SAPJ PA 06 through 17 
and DAPB BAMX 00 through 05 signals represent the Fastbus address information. The Buffer 
receives these signals from the Fastbus on 18 interface lines. 


BMC MEM SYNC (8) L. A low level BMC MEMory SYNChronization signal indicates that the data 
in the Buffer are ready for transfer. This signal transfers from the Buffer to the CPU ona single 
interface line. , 


BMC MEM L. A low level BMC MEMory L signal indicates that the Buffer has searched the Directory, 
has determined that the Directory contains the specific address, and has determined that the data for 
the specific address are valid. This signal inhibits the CPU from performing a Unibus DATI cycle 

and transfers from the Buffer to the CPU on a single interface line. 


UBCA CONTROL OK H. A high level UBCA CONTROL OK H signal indicates that the Memory 
bus control lines are valid and that the CPU is ready to receive the data from the Fastbus. This sig- 
nal transfers from the CPU to the Buffer on a single interface line. 


UBCC MEM BUS CO L and UBCC MEM BUS C1 L. The UBCC MEMory BUS Control Zero L and 
UBCC MEMory BUS Control One L signals determine the type of Fastbus memory operation. These 
signals transfer from the Fastbus to the Buffer on two interface lines. Table 3-2 illustrates the four 
logic level combinations which select one of four Fastbus memory operations. 


Table 3-2.-FASTBUS MEMORY OPERATION SELECT 


CO C1 MEMORY OPERATION 
HIGH HIGH DATI 
LOW HIGH DATIP 
HIGH LOW DATO 
LOW LOW DATOB 


TMCE BUS OUT L. A low level TMCE BUS OUT L signal from the CPU determines if any Fastbus 
memory device has the address specified on the Fastbus address lines. This signal transfers from 
the CPU to the Buffer on a single interface line. 
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TMCE BEND CLR L. A low level TMCE BEND CLeaR L signal cancels the current Fastbus cycle. 
This signal transfers from the CPU to the Buffer on a single interface line. 


PWRS MEM DC LO L. A low level PWRS MEMory DC LOw L signal is sent by the PDP 11/45 
power supply when the DC power to the Fastbus drops below nominal value. This signal transfers 
from the power supply to the Buffer on a single interface line. 


INTERNAL SIGNALS 


The Buffer internal interface lines transfer address, data, and control signals between the Buffer 
Memory Matrix, Buffer Matrix Controller, and Auxiliary Buffer Matrix Controller modules of the 
Buffer. 


MBB MEM SA<17:00>H. The Buffer Memory Matrix module transmits the SAQO through SA17 
data signals to the Buffer Matrix Controller module for transfer to the Fastbus. 


BMC MAD <08:01> H and BMC OTR K SEL H. The Buffer Matrix Controller module transmits 
the MADO1 through MADO8 and BMC OTR K SEL signals to the Buffer Memory Matrix module 
to select any one of 512 words. 


BMC MTRX 2 SEL L and BMC MTRX OSEL L. These signals are permanently grounded to enable 
the Buffer Memory Matrix module. 


BMC WRITE PULSE HIGH L. The Buffer Matrix Controller module transmits a low level BMC 
Write Pulse High L signal to the Buffer Memory Matrix module to enable Write operations in the 
upper byte. 


BMC WRITE PULSE LOW L. The Buffer Matrix Controller module transmits a low level BMC Write 
Pulse Low L signal to the Buffer Memory Matrix module to enable Write operations in the lower 
byte. 


BMC MEM DATA <17:00>H. The BMC MEMory DATA 00 through 17 signals are the 18 bits of 
data to be written from the Buffer Matrix Controller module into the Buffer Memory Matrix module. 


ABMC DMABREQ H. The Auxiliary Buffer Matrix Controller module transmits a high level ABMC 
DMABREC H signal to the Buffer Matrix Controller module to indicate that the next Unibus cycle 
will be an interrupt cycle. 


ABMC DMA IN PROC L. The Auxiliary Buffer Matrix Controller module transmits a low level 
ABMC DMA IN PROCess L signal to the Buffer Matrix Controller module to indicate that the cur- 
rent Unibus cycle is an interrupt cycle. 


BMC PWR CLR L. The Buffer Matrix Controller module transmits a low level BMC PoWeR CLear 
L signal to initialize the circuitry in the Auxiliary Buffer Matrix Controller module. 
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SECTION IV 
MAINTENANCE 


INTRODUCTION 


Most Memory Buffer malfunctions develop characteristic symptoms. This section presents detailed 
maintenance information and recommendations in the form of tables and illustrations. The main- 
tenance illustrations include an Error Classification Guide which directs the technician to the source 
of the malfunction in a logical manner. This section isolates FT| malfunctions to a modular level. 
Troubleshoot malfunctions in DEC equipment with appropriate DEC publications. 


TEST EQUIPMENT RECOMMENDATIONS 


EQUIPMENT MANUFACTURER TYPE 

Oscilloscope Tektronix 454A Series or equivalent 
Voltage Probe Tektronix 10:1 Attn. or equivalent 
Digital Multimeter Fairchild Model! 7050 or equivalent 
VOM Triplett ‘ 630-NA or equivalent 


- PREVENTIVE MAINTENANCE 


The Model 4511 Memory Buffer system has no scheduled preventive maintenance requirements. 
The CPU environment may determine a need for additional maintenance. 


CORRECTIVE MAINTENANCE 


Corrective maintenance identifies the malfunctioning equipment and returns the system to error- 
free operation by means of the following four-step process: 


1. Malfunction Analysis — Examining the error, its elements, and its relationship to the overall 
system operation. Is the error in the CPU, Interface lines, or Memory Buffer? 


2.  €rror Classification — Isolating the source of the error to either DEC or FTI equipment by 
using the Error Classification Guide. 


3. Maintenance Procedures — Attempting the fastest remedy to correct the error. Next, if nec- 
essary, systematic tracing of the error in a logical order to locate the source of the error. 


4. Repair — Correcting the cause of the error and returning to normal operation. 
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MALFUNCTION ANALYSIS 


The probability of circuit failure in the more complex CPU equipment is greater than in the Memory 
Buffer System. However, a failure in the Memory Buffer modules must be an initial consideration. 
Begin the Malfunction Analysis of the complete system installation by performing the DEC 0-124 K 
Memory Exerciser Diagnostic. Record the address location of any errors. Many apparent system 
errors are actually the result of faulty interface signals, program, or timing errors. Another frequent 
cause of system malfunctions is the power source. 


Check the interface logic voltages and d-c power at the Memory Buffer inputs. The voltages must 
meet the requirements of Table 1-1 during dynamic and steady-state operation. Refer to the Power 
Supply Adjustment Procedure in Section I!. If these preliminary checks indicate that the source 

of the malfunction may be in the Memory Buffer, proceed to Error Classification. 


ERROR CLASSIFICATION 


Memory Buffer errors have two major classifications: errors occurring after initial set up, and errors 
occurring after a period of error-free operation. The source of the error can be either in the CPU 

or in the Memory Buffer. Use the Error Classification Guide, Figure 4-1, to isolate the source of 

the error to either DEC or FTI equipment. The Error Classification Guide also contains diagnostic 
tests and maintenance procedures which locate the source of the error and expedite the return of the 
system to error-free operation. 
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MALFUNCTION SYMPTOM 


MEMORY FAILURE AFTER 
INITIAL INSTALLATION 
OF MEMORY BUFFER 


TROUBLESHOOT: 


MODULE LOCATION AND SEATING 
POWER CONNECTIONS 
DC VOLTAGE LEVELS 
BUFFER CABLE ASSEMBLY CONNECTIONS 


RUN DEC 0-124 k DIAGNOSTIC 
ERRORS PERSIST 


NO ERRORS 


RUN FT! BUFFER EXERCISER TEST 


ERRORS PERSIST 


NO ERRORS 


RETURN TO NORMAL OPERATION 





MEMORY FAILURE AFTER 
A PERIOD OF ERROR-FREE 
OPERATION 


DISABLE BUFFER 


RUN DEC 0-124 k DIAGNOSTIC 


NO ERRORS ERRORS PERSIST 
ENABLE BUFFER CONSULT DEC 
FIELD SERVICE 
| PERSONNEL. TROUBLESHOOT 


DEC EQUIPMENT 
RUN FT] 


MANUAL OPERATION TEST. 
RECORD ERRORS 


SPARE THE MEMORY BUFFER 

MODULES TO OBTAIN ERROR- 

FREE OPERATION. RETURN TO 
NORMAL OPERATION. 


ERROR CLASSIFICATION GUIDE 


SECTION V 
REPLACEMENT PARTS LIST 


INTRODUCTION 


This section contains the Replacement Parts Lists for each assembly of this product. Each parts 
list is identified by the assembly title and parts list number. Each component is identified by the 
FABRI-TEK part number, part description, and reference designation. The reference designation 
corresponds to the schematic component designation. 


ORDERING PARTS FROM FABRI-TEK 


When ordering from the replacement parts list; specify the model number, the assembly part num- 


ber, the FABRI-TEK component part number, and the reference designation. Order parts from: 


FABRI-TEK INCORPORATED 
5901 South County Road 18 
Minneapolis, Minnesota 55436 
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